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Pexiodic table and Pewsiodic properbiesi

To studyg the chemistry of elements and +heix compounds, elements ave classihed 1n diffevent
woys—

\uu__.u m..unlh e 1 'R ﬁﬂm— .m.uu. *I.m_‘ QS S5

with similax properties in a gwoup W such a wWay
that +he atemic E.m_,m_.,:.. oF the wmiddle element was orithmetic wWean of other two.
This s called law of Triads.

TDobeveirer niojwn& cezktan elements

E lement R¥smic _Fu_mﬂm.hw
Li 7
Na 23
k. 39

In IB6Z , A-E.B- De Chancoovtois Q«*D:mmm_ elements in ovder ‘o ,_jn&mn.m‘_:m atemic weight
ond Mmode a n&__.,sma..or_ table of elements but did not ottract mevre attention.

*,_,_m_‘E._ﬁ:_,m_._H._.,[Za_-..GﬁmUn.mDa_ﬁm..v

Newland o¥ranged elements in owder +o Increasing atsrnic Wasses and every eight

element has propesties Similar to the Rivwst-

Lothey Meyew's cCuzve :»

Lother Zm&nd plotted +he ?rammﬁﬂf Propesties 0.@0_.”__5@* atomic weight and cbtained a
1miom_.no,.__m_ vepeated pattewsn.
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Mendeleev's . .Hu.m_..ﬁ_..u_.u”lﬂ.m. S r..u.i.m_l.. 7

Mendeleev Q..&D:mmn__ elements in horizontal wows and vertical coloums of a toble in
ovder of thelx .ﬁsnumpm._:m atomic Emnmfwm in such a way that +*he elemenis wWith
similox  propevties Occupied +the same vertcal

colouwm oF group-
Mendeleev was published o law

| called peviodic law and accovding to this law, The
propexties oF +the elements ave pericdic Lunctian of theiy atomic weightg”

Modesn perviodic law and the vesent .rcg of the pewindic .Wc‘r.|m__¢

In +he beginming of 20th certuvy , various theswies weve developed to know about
subatowic petticles of +4he on atom ond +hese theovies sShowed +hat the atemic

numbet is a vnove fundamental vuovm«qm oF on element thon 1ts atemic "Mass.

Mendeleev's pervioedic law was, +hevefose Meodified. This is known os  modewn pesiodic

law and accevding to this law , “ The _usam...nn_ and chemical properties of the elements
ave periedie Lunctions of +heiv atowmic ..:E_ng_.

A Tnodewvn VETSIGN IS called _#3,_@ Lowm ofF  the pPevicdic “table of the elewenis.
e hovizontal Yows ave called
(\8 gvoups).

A\l elements oave classified inte Foux blocks en dhe bosis of 4the otomic
flled with +ne electroms.

pesiods (7 pexieds) and Vewbtical colums ove colled §woups

sybitals {hat axe
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e ‘s’ block elements -

949..“ 1 (zA) and 2 (1n)

Gvoup | = olkeli metals 5 E.c. - [ Noble gas] ns'
Cavoup 2 = alkaline earth metals - £.¢.- [ Noble &DmijP
The (s’ block elements ave alse called :h._rw mekals

he 'p' block elements :»

Greoup 12 (InA) to 18 Lvmia)

Nonmetals and posttransition metals.

p- block elements .Tu@m.ffb.q with s-plock elements ave called wain qroup elements o
vepresentative elements.

E.C- - [Neoble gasJMs'np' +o [Noble gas) ns®* npé

Grroup 15 elements ave colled Pnicktogens —» greek wovd = peigein - gmoﬂ._am.v to choke
Givoup 16 elements ave called Chalcogens = gweek wesd » Cholcos » Meaning> OFe forming
Cavoup 17 elements ave called Halogens = hal (sait)+ gen :J_.an_;n.%mv - Salt a«&cnmsm‘
Grvoup 18 elements ave dalled Noble gases

The ¢4’ block glements 1>

JJDSm.._ﬂEj elements .
E.C. > [Noble @Duunil_vm_ 4...0
Griowp > a(1118), & (we), S(ve), e(vie), 7(wip), 8,3, 0(vine), n18), 12(1B)

~\D -d



lanthenide elements 5> Cel(58) to Lu(71)

Ackipnide elements — Th(20) +o L¥ (103)

E.C. > [ Noble gas] (n-2) §''* (n-Nd®"® ns*

Called TInner +transition ynetals.

Ackinides elements ave vwadioative.

The <lements aftex Uvanmium ave called Tyansuramium elements.
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“ TUPAC Pexiodic Tohle 5
L aw_ms TA ITA TWA YA A TYIA .._...___.m @
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7 Pesiodieit 4 O 4 Properthies 2>
¢ i -

- The +te¥m nm.q..ommn.;.m of properties findicates thet +the elements with similar Propesties Teappear

ot cevtain d._mmF_D,.. intervals of atomic mumbey in Hhe periodie toble.

Example Pewiodic muwnber gvowp 1 (1A)
R .

AU $ 0N

= In other wovds we can Say that +the atemic muwmber intevvals at which {he elements
with similar psoperties ~veoappear ove 2,%,%,18,\8 ,32.

— The <vYepetiion of the elemewts wikh Similar properties is the ouvder of increasing atomic
wuwber as in +he peviodic toble (s called vn«..,o&,n._wu of pwoperties gnd Pumbers
2,8,8,18,1¥ ,32 ave Colled Magic muwmbers.

— The elements of some gvoup show similar properties due +o €imilar valence shell electvonic
confHgurat ons-

— The wosd pevisdic Means with the ¥ise of atomic Mmuwber ofF Lhe elements 1n the same

pesiod ©¥ gYoup , theve e a graduol Vaxiation (i-¢- ncvease or decvease) n ¢ Davticulor _,,..oﬁqr.m
ol the element.
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— Some of sSuch ....Gmm of propeshies Qwe-
@ Atomic ond 1onic ~cadii

® Tonisetion evergy

@) Electron afHnity

® m_mnignminJ\
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\;ﬁ;._ .;..‘ A.Cﬁ_..uC.n..u Ov% ..ﬁ,.rr_r.._.m. _._.ﬁ -(:r___., .V

-

The texyn gtomic sadius is mmjmqp:.m used Jor distance between 4he Mucdleus and ocuteymost

shell of +he otomic particle.
Since it s impossible to isolate an individual atem , it s wmot possible to Measuvre the
otomic vadius.

The otomMmic —~vwodius

thevefore , measuved From the intevnucleas distance (distawnce betwoceen
to muclei of twoe bended otoms in a gaseous wolecule.

The intesnuclear distonces wre mns.m.qp:m dekevmined e& x:wnm At Hracton , electron diffracton ,
NMR mﬁmnfdwnn.vm techniques etc.

Classitication of Atomic wadil i

Atomic xodil ..pwm sub-divided into thyvee clasges: -

Covalent ~adii (in wmon-metals and in covalent wmdecules) 198 P

Metallic 6% Od&mwo_ vodil ( Tn wekals) __.»l_lwﬂyﬂ. 33pm

Von der Woals o¥ collision wodii _. "Allvn

Covalent ~wadii :» :
HM-._.M-MHpsnm os half of 4ihe distarce between itnhe muclei of

he +wo Same atoms bonded togethes Um a m._:m_m coyelent bond. ﬁ.,_._ .

and Covelent Jyoal) ﬁ.h_b

WMolecule)
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- In case of bhomonuclear di atomic molecule bu. -.T’ﬂ. bond —ﬂﬂmﬁf oY Wntery Mucleax distance |

equal +o sum of w._sm,mtwodm Covalent ~<adii of both +the atoms.

nb)l) - .d\bl* .d.p

hese d, 5 = bond length or intevnucleax oistance
o da-a = 27¥a Yp = Covolent wodii of single -bended atom.
_ da-A
o™ YA =
o~ 2
ﬂ.m. C\; Molecule ;- mblpn 198 pm o Va = I,_uﬂwl . Ya= 93pm

- In cose ofF hetevonucleax diatomic

Tolecule AB
@ 1+ electvomegotivity of A and B is some.
dp-g= Yat ¥y heve dp_g= bond lenth or intevnucleax distance of Mmolecule AR

~¥a LXg= Covalent wadii of w..ja_nlrua?mnm atorm A & B
(® Tf electronegabiviy of A ond B Ts different.

— Accewding to Schomakey and Stevenson —

beve - X, 4 g n,nn*..gmmniir.mu
. of atem A amd i
— ..ynnodm_jm to 40:...3&\ .

mv...m_ = W Ty ﬁﬂ.k.rl.z.u.v heve :- € = Schomaker and St evenson
Coelcient -
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®

TYpe ot covalent vadii

Single -bond covalent waddi — invelve single bond

- covalent Yoddi — involve douwble bond
Tyiple — bond covalent ~waddi — involve +txiple bona

Metallic 0O Pmam&.ﬁ; %Dm‘,._. . |

Tnis is used dov etal atems which ave assumed 4o be D_ommfm packed spheve in the
metallic cw¥ystal.
Tt is defined as half of +he distance between -+he muclei of twe adjacent Mmetal
atom in the 9netallic close packed n.qdwdn-_ (attice in which Tmetal shows o coovdination
Dumbey ofF 2.
Exomple : - TITpnrevmucleasy distance between two adjacent Na-atoems v a Oddw.mPF of
Sodiwm Tnetal s 380 pm
The "etallic ~adii of Na otom s 282 . |30 pm.

™
Var dex Woaals ox .1001_.m.,|0|.3|.~\cu_._ *d

The individual won- metallic nolecules ave held togetbex by Van der Waals forces.

Van dex Waals {s half of +the distance between +he muclei of two Ton- hended

émmm._r_oocu‘.jm atorns of two oadjacent olecules.

Example :- The distance bjw cl- atoms of two diffevxent molecule s 360 pm - Thus Van
derx Waals ~adii ofF Q- otom s .mkm..m = &0 pPw.
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C\, Cly

te)
H ' 4 180 p™ ( Von dex Waals wadius)
l¢———

360 pm

LOompavisen ol Ccovalent Metalli< ana Nayn dev Waals S Oa i Us

Covalent Yadii < Metallic vadii < Van dev Waoals wadii
Pexiodic Vax M.D tons o4 Ator™miC s\

— pAlsmic Todii 3 a peviodic +tunction of Hhe atomic Mumber (-e- it Cchanges with +the
Change of otemic murnber in +the pericdic +oble as shown below—

In QO __‘:.n.\_. 04 <>

— Atsmic vodii decreages +From left 4o d..,de ocyess In o pevied in the voion—mn table
When we Cconsidey Oﬁ,a nosmol elements. e. 3. 1In case of 2nd peviod , the otomic vadius
decveases asS we Toove fom Li + F.

xploanatho

— Tre mumbew of shell in the elemements of given period ~vemains the same but velue of
effeckive Muclear 0594&» \ncreases Hrom lef+ +o wight . The increased eHective muclear
Chorge pull e e cloud of clement weaxer +o nucleus ond +hus <ize of otoms goes ow
n_mn.d.wow.::& Porm it 4o wgnt.
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(b

In a qroup i>

=N )_.Soc,.Sm down o Qroup of ..‘DmF_P... elements atomic wodii INncreases Wwith .3369&..5&.
atemic Mmumbey. €-§- In guoup 2(TA), atomic vadii jncxeases from Be +v Ba.

xplaination 12

— On pProcee n—._jm down wavds ‘v a gvoup the electyons arve gdded to T..&Tm< m.‘)h.ﬂ&d level

Which ate Jarvther fromm mucleus. This edfect decveases electrostatic ottracton blw
nucleus and \Volence —shell - amd +this decreascs +He oartemic ~radif.
—  With ..Snd.mpm.a@ atomic Mumbey, effectve Muclear njo..a.mh. s aleo (ncyeases but

deccease n electwostatic attractien s prvedomimant. As a ~veswlt, atomic wadil
decvease n Q¥oup ©n ™oving downwasds.

- QACTHIS Chfﬁrnl_ _3@ the YY ._h,.\g_J. tude _nr\_q DﬁimJJ.,__. ) C t..n..phw, | o=

(1) Eflfbectivve mucléoxy Chaxse .-
</ q |

Atsmic vadii

Effective Mucleas ngm@ £
_J Numbes s { shell ox Py INc pa.l L\cs ntuy YNO 2

Numbet of shell ov pvindipal quantum nwo. K Atomic vadii
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Loy C TA0IUS OF L. DN & ragii .7

The texyn TIonic wsadius is @msmdﬂzm used Sor distance betrween +he mMucleus and outeym ost
shell of +he J(onic particle.
Since it s impossible +o isolate an individual jon |, it T8 mot possible to measure the

jonic ~odius.
The ionic vadius , +hevelovre |, weasuved From the interionic distarce (distance between

to mMmuclei of two bended ifens n o crjstal o a solid

The intexionic distances wove genevally detevmived c& x-Ray Ai Hraction |, electron diffyacten,
NMR spectroscopy techniques ete.

Tonic vadius may be defhned 0s the distance betweenn the mucleus of an ion amd
Hhe point upto which the mucleus has influence on ite e- cloud-

The TIonic ~wadii have aw additive chavacter. (e. +he interionic distamce bjlw two ioms

is equall to +the sum of the =wradii of ions.

dict-pt) = ¥(c*) + ¥(A)

heve cY = Coatiomn , AT = Anion

Exampe - Colculote I1onic wodius of Q1= jen n NacC\ if Not-<¢'™ = 27¢pm and Nat= gspm
duor-a) = Y¥(Nat) +¥ (<)
276 = 95 + w(cv)
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N D:Jm,.{l.ﬁub& the UH.d.Qd.ﬂ_...an,_ml O@| ;Iq C -|.a.n.rﬂ_., =

- Effective Mmucleaxy Cha a& el
|

ﬁvd =4
Effective Mucleas Charge « :
¥ g« Tonic Tadii

__,..,N\ NUMbes O A spell ox \__..\..ﬂ__ ncip ol ..mﬁLC poumM NO -

Numbes of shell or prindpal quantum no. X Tonic wadii

Pexiodic .(@wr.ﬁ%):uﬂw-. _...._-..|||..I--,: __Tsoay
a. peviodic Ffunction of +he atomic
pe¥iodic +oble ac shown below —

— Towvnic vwoadii (s Nummber (-e- it nrDjm.um with +the
Change of otemic muvnber in +he

s

In o pewiod

— “Iovic wadli decveases From left o ¥ight acvoss In o pericd in the peviodic +table
(hen we considex only Mo¥mol iens .e.3. In case of 2nd peviod , the ionic ~adius
decveasesS asS We Tove Lo Li 4 E.

— Exploana Hhon e

- .:_J.n nwumbew of shell in the elememe nts of a.;%: ﬁniom ~vemains the same but vaelue of

effective mucleax .n__ao:dn ncrveases fromn left +o wght . The Neveased eHective mucleay
Charge Pwl the ¢~ cloud of clement meaver +o nucleus and +hus <ige of ions goes on

mon;.,»ow..s& Prorn left 4o ght.
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— On ﬁgoc._ﬁ.m down o frouwp ot Jan_pq elements ipnic vodii increases Wwith n_snﬁmnm..sm
atomic Numbery. €§d- In guoup 2(TA), ionic Yadii jnceases feem Bet* to pat*

— Explaination >

— On proceeding down wavds n o gvoup the electvons Orve added to higher ewnergy level
which asve Fasther from mucleus. This elfect decveases electrostatic attradion blw
nucleus amd \Volence —shell €~ amd +his decryeases +Hhe (|eNnNic ~radif,

— With ..Sn.nmo,m..ﬁw atomic mMumbery, effeclve vuclear chaxge is also ncveasesS but

~

decxease n electvostatic attractien s  predormimnant. As a ~yeswlt, (oniec ~yodil

decvease n Q¥oup ©n 45053@ downwasds.

— A cabion s synalley n Size +han s pave Nt TMeul rol atom -
— A cation is Jswwed bg the ~wewmoval of electrons. A Hex .qﬁjoﬁsm electyons the
elfective Mucleax Dfoddb (e increases. s Ynoakes the cadon gcwallewr ' 81&¢ than

its Ppavent Teutral atem.
— An awnmoen 1S Digger in §ie  than IFS pavent eutral abuemi-
— An avnion s Fowred by the addition of electyons. Aftex addibion of electrons the

effective muclear nrn,.dm e decveases. This 7Tnakes =he amion g.m.mn,.‘ M site then
its Ppowvent weutral atom.
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Kad O1 |S0&elecTEoMC SEeT\CE

— The 7wadii of isoelectronic gevies decveases with ncyease in otome mMmumbey (2).

Tso eleckvonic species > 0°% |, F~ , Ne, Nat , mg+?
Tovic vadii (pm) S 140 136 2 93 65
- Detexmination of lomic Tadii 29
Lande's Method:

dp—p) = TCA) 2 ¥ (A)

o Awﬁvll_..rldn Nd‘ﬁ)lv oo

- I{ oanien +4ouch one anothes then anion -anion distance s Jiven vm oo

o¥ ~“~(p)= &I@uu.|iy|+|vu " :Ao_n.ﬂ____ hr;«s -
Exowpe:- In case of L1 = deg-_y-) = 432 pro o o
v(1)= EE = 2¢pm (+)
— T4 Ccotion Youches the anion +hen cabion — anien distance 1s &.,,Smﬁ f,m\ oo
dict-a) = ¥+ ¥ (A) fig:- Cokion touches

Exomple 1In Case of KI - d(a_g-)= 343pm , T7 =214 pM

349 = ¥(ct) - 216 (et) = 343-21¢ ¥ Cetd= 133 pm

b ]
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Pauling s .
~ Accovding to Pawling, 1f the cations and aniens arve In conract wWith each other
then intesionic oF intemuclear disktarce \s &._Smj FM|

dier_p) = FED T I(A) —— (O

— Dnnqqo::m 4o vnF_Sm‘ the ~welationship bjW ~radii of jene amnd eHedive mucleavr nroxwh
is m._smj Um_

Jhﬁ#.u = _“Nnhmu).lll
¥(h)  [Zew]_.

®

— 1§ values of mhn.?blv v [Zedp+ and [zegl.+ QY m.,cdﬁ Yhen we can Calculate

value of 4ﬁn+v amad Y(A-) with +he help of eq- @ amad ©.
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Llonisatist < 4..|.,.r...m.....4 1i 4

— The oawmount of energy vequived t© vemove the wmost _ooum_m bound electron ((-e. the outermost
electvon) dvyom aw jsclated gaseocus atom of on element

in its lowest energy state (gvound
stote) to produce a calon

Is Known as ion\Sation enevgd of that element.
M(8) + Energy supplied —— M*(g) + e~

Huw.._wwHMM Tonisation Cation
d atom enevgy

— The process by which +the element loses om electron +to cConvert itself nto a cation

is colled its iomisalion. This pyocess (s an endothevmic pvocess, since enevgy s supplied
4o effect .
Ionisation energy is olso called

jonisation potential , since
potential

o¥ Veltage Yequited to wvemove amn electvon.

Tonisation evergy i Teasuved In  glectrom, volks. ;e i adom ﬁn<\9¢o§~. Kilo colovies per mole
(Xcotr (mole) o¥ Kilo joules

it Yepresents ithe ammount of

Per wole (ki/mole). These quantities ove vyelated as-—

i eV/otom = 96-47 KJjmole = 23-66 KCal/wole
i Kaal/mole = 4 -185 W3|mole

— The values of (onisotion potertial ove ghouwn Vm tve sign- positive sign vepresents glsovption o}
enevg Y _om 4he atom.
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AL CC@ SS)VE ‘oM saton Dotential

— The electrons ave ~Temoved in stoges one _om one fxom an atom . The amount of Cnevgy
dm.wixmo_ +to vemove +he Fivst electyom fyrom o gaseous atem is called Jivst Tonisation

potential.
— The enevgy vequived to wemove second electron fyom the cobtion s cCalled second ionisation
potertial. mm.ﬂ‘._oddu we [(have thivd, fourth_ .- ionisation potentials. Thus

M) + I, —> M'(g)+ e-
M8 + I, —> Mg+ e-

Ztﬁmv + = _&uSv._. e~

] | I
i " ] '

-~

— The ovdew of sSuccess\ve (onisation mxuwmsm.& S
H- h HP ﬁ H-w A.th Ax - - ——
The Successive increase in their values (s due to fact that i+ is

dm_bmcm_m Tooxe difkcult to vemove an electvon From o cation having higher positive
chaxge than o cotion hoving lowes positive charge oY 4From a meutral atom.
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' Factorys Qa+tect Am t 4..._r.. A Q &1: tUuac o } LToms rJ 1 O o ote Nt ,_.,...,.__

t ’ anl
=E+ieCnveE Mucieax Cha THE

- With incvease of 4he Mognitude of effective muclear chaxge, the wnagvitude of ionisation
potential also incveases.

Effective mucleary nfoqmn K Ionisation potential

Atcmi S)IxE o
Ol |r e =

—  With :.,n..qmomﬁ?m atomic size | gu.mj..wcn_m . R v potential (s B a—

|
Isnisotion potential

Atomic sige «

¥ INC ,_y..nr,. mﬁ ua yTtum _lf.ICr|:_ DET .m, n):

— With +he incvease of the principal quantum number (n) oF the owbital from which
the electyron s 1o be wvemoved | Hne magnitude of ionisation potential decreases.

|
Tonisatien potential

P¥incipal quantum mMuwber o«

& . .:\_..,l_m".l._.._,_.x n...».m_nﬁ w- . =P

— With incveasing shielding effect, mognitude of ionisation potential s decveases.
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|
Ionisation potential

wsmm&_.:m effect o«

S« Pene tration ettect :»

- Fov o given value of n the degwvee of penetratien effect will decvease in +he ovdey

s> p>d >+

The S-e- will opproach +the Mucleus ymore p.omn_m than p-e~ o p-e- Is T™hove n_Oua.a
+han 4 ond d Mmeve Qomm_m than . Thas it is difhcult 4o vemove s - electron - hence
s have highest value of ienisatien potential.

G. Halt . tilled and FOHJ..,_L@_G.rﬁ..,_d T:m..& orbitals. >

— Accowding to Hund’s wule  otoms Inc._sm bhalf- filled o nogv—mwm_uu filled owbitals gve n95v04ﬂm<m_m
moxe stable and hence wnoxe eneygy s Yeeded +o wamove an electyon from such atems.
This Tneans +hat Jjonisation poteptal of sSuch atom s dn_nmﬁ.& rﬂmfn,« than expected
normally From its position in +the peviodic +oble-

— Peyxiodic varviation Iin isnisation poténtal i

0] in O peyioa:

— Fyom left to wight in o period , the ionisation potential of the elements increasecs due to
Hhe sucessive Increase in +the wucleax charge ((-e- atomic number) ond decrease in atomic
53e. However 4here ove certain elements which show ivvegular trends.
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He

.
o

— .r_.._«.._\.._.{. iNncleasc \Y Thne JOIU€ rw_h 1on sa.ton rFocte nt ad Ts0TH !

- H= 1320-0 K3J/mole He = 2372-3 KJ/mole

- In cose of He , both +the electsons ave present v Is owbitol |, the Sirst electyon s unoble
to ohnield the second- This increases the (onisation potential of He atom-

- L

— _J.La.x_ﬁ .,t‘_fm\ru\.,....u..tnu N t™heée Jaijlule O lonisathon Pote ntial _.....,._u._;,“ He o L
He = Is* — 2372-3 KJ/mole Li = 1s?2s' 5 520:3 kJ/wole

-

- T4 is mpma +v ~wemove eleckron .,T_.% 2s Ajuu.v as ﬁo.gﬂo.«ﬂﬁd is h.supv.

— In case of Li, eclectvron 4o be ~vemoved fyom 25 orbital is nn,TmnT:\n,d shielded _uu
the 15 eleckrons while in He , electron 1o be Yemoved fHrom LS ovbited TS Mot
mﬁrwnme.m.m Shielded by Gnothex IS -electvon.

Be has _.;_Mdfm« lenisiation potential than B

ge = |s* as* 8= 15% 25 2p!

— In case of Be, it is move difficult to vemove an electron from n..a.gw_mEu. Lfilled
25 - oxbital while In case of B, it easier to ~wermove gn electvon HKoem ,_jnﬂ.vw.m*n_u\

filled 2p— o¥bital- Sineeweoval ©F eleckvyon Arom 2s Tequived Tﬂmfn... enevyy hence pe
has higher {onisation potential +han B.

N r)_ as ni 4 hey 1IN Satiédn f.» otephal thharm L) »
v

N= I1s?2s? 2p? o= _mpn%ﬁv.v



Learn Chemistry Online
- In case of N, it is wore difficult to vemove an electron from dhe hald- filled 2p oxbitel

while W case of 0, it is easiex to xemove oy electyomn from the ﬂjnﬁsv,mrm,m +illed
2p- osbital . Thus +he (onisation potental of N is higher 4han 0.

— Lovge decvease in the value ot lonisabtion potential vom Ne to Na
Ne = |8225* 2p© > 2080-7 K3Ifmole , Na =|5%2¢" 2¢f3s' @ 495'8 KJj/mole

— It is easy to vemove electron from 3s (n=3) as compove to 2p (m=2).

— TIn case of Na, electvron 4o be —vemoved from 38 owbital is n:.oniz‘n,d shielded vm
the 8 e~ (2nd shell) while in He, electron to be vemoved fKHom 2p ovbitel s Mot
mh.mnnﬁfw.m shielded by anothex Live electrons-

— Mg has highew lonisaktion potential +han Al
Zm = |18%225% 2p¢ 3% Al = 16* 252 2pCas? 3p!

- 1In case of Mg, it s move difficult to vewove an electron from ﬂa‘_.ﬁ_u_m*ﬂ_u. Lillea
3s - owbital while In case of Al, it easier o ~weMove gyn electvron Hrom ._5na,<53m+n_u\

filled 3p— Ovbital: Sinewenoval oF  electwon from 25 ~equived higher enevgy hence Mg
has fﬂmrma‘ ionisation potential than Al
P has _D..@qu lonisation potentiol than S

P= 1s22s* 2p6as®ap? s=15%2s* 2péaghap¥

- In case of P, it is wove difficuit to vemove an electron from the half- filled 3p ovbitel

while " case of S, it is easiex to xemove an electrom from the mﬁno.?v,ap.a_m £illed

ap- osbital . Thus +he ionisation sotential of P is fmmrmd +han s.
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| X

g lonMmisation potenptial O 4

N* = 18> 2s% 2p? 0t = |s*ast 2p3

In case oF N, i+ is casy 4o vemove an e- From monoﬂ,?n*ﬁm 2p oubited While In Case
of O,itis Jdiffcult to ~wemove am e~ from half-Hlled 2p ovbilal.

o

)

in a @.@wrx -

On pvoceeding frem +op to bottom in o goup of vepresentotive elements  the ionisation
ge on nwmn:«.ﬂnw..jm- T™Mis is due to ncrease 1y atomic

potentiol values of +Hne elements
size from top to bortom in o group-
— Howevey theve ove some exceptien.

— Al and Go bhove oappvox- same Value of  jenisation potential:-
= T+ 5 due 4o  low m?.m_&..sm of d-ovbitel e pwesent in Ga-
Har In *-

TL has ngh 1onisatiom potential

I+ s due 4o low m.fﬂp_.n._j& of £- oxbital e~ present n TL

—> D.mwv___nojﬂjwlfm& the Po.ﬂ_nm,? of Ionisation wﬁﬁ.mﬁ_“ﬁn#:&
) To detevmine +he wmwetallic omd non-metallic character o  Lelt N penodic table
—> LeFt+ side ofF pexicdic table » low ienisation potentiol — npf_u to |oose e~ mmetals
— Right side of periodic table high ionisation potential 5 does no® easily lovsee - o -mekals

to° Sajﬁ

mlj_ _Jﬂﬁ.._ atve ECeoacCct J\E .\M .r,u“ clemenys -
High ioni sation potential —> less yeachive h_.aod.f mDmnmv

Low ioniSotion potential == Wove 7Teactive ( Gyovp L & QUvoup2 elements)
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— With the help of
com be colculated.

exomple |- Fox LI :

Trese vValues show that 41 e camn be vemove Enu.;d +ham +he other . Thus

fenisation potential Values ,

Fixvs¥y 1p =

Learn Chemistry Online

element

\
Ionisation potential

Re m:nﬂjm D&m«i.u

elernen

\
Jonicsation m.o*m ntal «

Basic chavactex

anell electvon I'nm omn awmwmm’

no- of yalence ghell electrons

= 5.4 eV and Second IP= 156 eV

one e~ wvn +heir volence shell.

Detevmmation of 1D Satio

—

potential

— The .wo__oco.im methods ave Uused Hor delrewmination of [enisatien potential—

sSpectvoscopic wnethods.

- Electron impact  ymethod

B

2. Photoionization mMethed

3

4. Quantum wnechanicol Tnethod -

v oan atom

LT has Oj_u\
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p E |eCtTyOM ATHMTIIT

— Toe omaount of energy veleased when an electvon is added to on isclated goseus atom in
its lowest QSNJ‘@:@ state hm@ &)—‘Orra State) +o produce an onion 15 called electyon Dh.rﬁ._#m.

Al(9) + e~ > blﬁev + Enevrgy weleased (-ep)
Neutrol gaseous Anion Electyon o?a.}u
atom

Electron albbinity is olso colled electron Dhr.v._f enevyy -
- The obove pyocess by which the weulval gaseous

atom odds an electvon is an exothewmic
process | since enerzgy s weleased in it ond

is Yepresenied With a —-Ve sign.

Electron affinity is measuved in electven weolts , Kilocalovies ow Kilgules.

The energy veleased on the addition of Jirst electram js called fiyst electron Dﬂrj._fW
ond additien oF second electron s colled gecend clectzon alfinity

In the process of o0dding an electvon to an anion, A (g) ormP.:aw electyostotic vepulsion

between the electyon being added and the Wegative charge on A(9)ion, energy insiead
of vm.,:m ~veleased IS supplied +teo A (g) t© form )-Pmsv

Alg) + e~ - A (3) + Enevgy veleased (-en,) { Exothewmic)

A(8) —+ e-+ Enevgy Suppied (+EA)— A2(¢) (Endothermic)
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LCTDES A T K .,.m__..(..— TN MCGE I TLLAE r..w electy N Q4nmy _\A_

— With the incvease of effecthive muclear beda.m~ the gD&SﬂT.Eh of electron Dhb_:_fm‘
olse increases.

Effective Mucleor chavge o Electron Oﬂ.rs..p.M

L At Size o
— Swmalley atoms have highey electyon afhipities.
|

Electwon affipi ¢&

Aromic Si3e &

Shielding e4 h.ﬁn“.;.‘.pr. .
e

- Wwith Enﬂnommsm shielding effect, the agnitude ot electron DQ;.:..J decreases.

|
Electvon affini bty

m_a_.m_mm:a effect

mpletely Y- Hald +illed an a ine STy e +€ly —illed OoxYbitols
' h.. Pl L .- .f._ = =

— 09.52»#0& and bholf Filled ovbitals have low electron offinities.
- thﬂﬁn#n_m Lilled oOvbitals have Sﬂmj electvon affinibdes.
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SO0 VOaxiat

.r.__r.-n_.LD...\

— Electyam oﬁ...:._wm values mmﬂmdoza increase on ,30<.5m

-~ Howevey

from left o right n a pevxiod 1%
the peviodic toble.

+heve ove Some mxﬁm_uia.jm-

e and 7.4_ ,ﬂ.‘_.L NAV E 2T 0D eclecTTyomn aQrnMmt

;)

Be = 1s* 28* Mg = 16*2s* 2p6 38?

Since Be amada Mg have completely filled s-ovbitals

 the additional electron will be mS+A..n.5mu
the 2p in case of Be amd 3p in case of _Sm which aye of fmatmd NSmd@m +ham 2s
and 3s oxbitals.
1L nevt ge B@SsS nNnave ZeyYo electron A

Ay NI NES

In case of inert gases, ms and mp owbitals awe anv_nwp—.m filled |, the msmog,_sm electyay
wust go inte an electron shell have Fa.m.,.‘ Value of M . Thus inert gases have zevo electvon
oﬂ...s?.&.

N and P Nnove o election a+nnities

N= |s?2s*2p? P = )s*2sf2pas*ap?
This is because of the presence of half filled ovwbitals which ave welatively Mmove stable
ond hence Yo which it is difficult t©o add am additional electyon.
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= Tn woving down te o group electvon Dhﬁ.,j._J values @mvndpzu decveases . This s due to

increase in the atomic vadius of the €lements .
— Howevey +theve axe Some exceptions.

= - " A= . . . = : . L w o = ¢ LR a = | O7T T C - 4 - —{ el ~ -
ecoaomn G-l cesS 0O Se(Oha E¥v 1 DA SRLALL NLS 1o . - __..._,.._.__J SIS ENLS - Thva _“;., - -

- This unexpected behgviour is explained by Moi,,jm that the much gwalleyr sige of the
second pesiod elements give a vewy Yyouch Jﬂmfnd value of n..f..bdﬂm dencities fLor the Yespective
negative ien. This Chaxge densiby opposes incoming e-.
e3- FElectvon offinity of F is less 4han <)

- Apphcations oF Flectvon a Han 3}

“/.._m,\._ Te detexmine the metTallic and non-metallic haracter ot element fvom ._..u.. s T m..&.ra. t v | €71 0d

Left side of pexiedic toble - Low electron Ohr_.....J ~> doeS not Occept e~ bpm:d 3> Yetals

Rignt side ot pexiodic toble - high electron Dr....?wu ) mpw.__.m accepts e~ — Mon -metals

o\ 7~ & ~
L) UOXxiaisin<g

| &) { ‘. OWeT ;U* amn ,.H__n.r ﬂ;ﬂ._nwm:.,..n. e |
| — _.nl.v

Electyon oﬁns.}u. ol ox:__.n..._sm Pamu—.

_j..;..___r. NatTuyxe QY eleTnent )

Electron o.hr_..z.u ® Acddic Natuve
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\ " 101
- A ' - ' | .

Electvon or,..d,_w,mx Dmonmc.}% of an n_nngmhmﬁ eleynunt

— Electvon Dhﬂlé con be ‘Meosured meam Bown - Haber han_m.
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M...._, .ﬁ.mﬁﬁﬁ.r. n._.___.]__ c_ m.@ .,.v.n.._...\
, .. (EN)-

— When two dilfevent atoms in a olecwle ove bonded +omm¢_sn,.. rm_ o covalent hkond, the electyon
pas towming the covalent bond is mot chaved equally by the both the atoms. Rather , the

electyon paiv lles meaxer to one otom +han +he other.
— The -~elative .rm.dn—msnm_ (or P__o._:.p.a oz powes) of a bonded atom jn a wmolecule to attract

the shoved electyon paiv towards itsef is tevmed as ts m_nn*«oﬁm@otzm&.
— Electvron Dbrj.:& vepresents the tendency of an isclated gaseous aotem to attract the electrons
while m—mngﬁmahtc,..ra. Tepresents the ._..msmm:nm of a bonded atom of o Tnolecwle to ottvact

the shaved electron pair.
- Factors oftecting the agnitude of .mdmhﬁ,ﬁq:m&nia ﬁu 1>

P __D._ -,..ﬁ.jij.,ﬁ rru.h_lu..m S

— The Swmalley atom have Q@veater mﬁnﬁdﬁn@nﬁﬁ& value.
|

E _mnﬁqoﬂn@nﬁ(ﬂ_ rﬂ

Atormic 8ige

Number oF inner shells : = (No. of shell between Mucleus amnd outeyMost shell)

- I
— The atom with greabey mMmumber of (mner shells has |ess value of m_mnﬁﬂgmnic._ﬁ?

|
El 007650& ativi .Tm.

No. of inner shells «
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Charge on Ccaoation =
L)

= The element in highex @ommiﬁm oxidation state has wnove value of m_mnwﬂqvnmnic..&m.-

Positive oxidation state m_nnﬂgnanwc.:&

- m—nn*...‘o.ﬁmmoii#a oveex s aaF > M
>

4. Numbey anad Yiature _Uﬁ atoms +to which the atom \s bended.
- The m._nnigmapic#u of an atom is depend on the Mmwwmbey amnd Mature of atomns

bonded o i+
eg- m_mntgm@omc..é of P is diffevent n Pcl, ama Enm molecules.
Tonisation mﬁqﬁmg ana tlectyron Qﬂ.‘,?%dnl
— The elements which have higher value of i{onisation energy ond electron affinity
a\so have higher Value of n.nnwﬂojﬂmomﬁﬁm.

eg--halogen have higher values ot ionisation everyy, electvon Dn.rﬁ,.*m ?ﬂ_mngmm&c.&..

- Alkali metals have lowex Values of ienisation energy, electron atHimty & m_mnﬁoﬁnanmc;m.
6 J_am,ﬁ ot ___)afu,a._nr,m”br,,oj_ >
— T™e wagnitude of n,n%gm&ﬁr,\}% incveases as he s-chavacter of hy
Hybyi disation sp> sp* sy
s-chavacter 25°/. 233%. s0Y.

bad ovbitel increases.

- = S
_m..onw.«a.jnmﬂfc.*m HSQ»OU...J&\ >
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the electso nega v *& "9

> Pesiodic vaxiations in_

O In o peviod :»

= m_mnrainaotc..*u increases on .30:.5@ In o peviod of the periodic table fyom left +o xight.
In the s3e of atem Kem leHt 1o ¥ight in a peviod -

This is due to decvease
® Ina grovp:s
On aﬁoc,_vm dolon ?docmf o gwoup of the _umiomqn taoble , the ﬂ—nn:oﬁmmﬂmc..ﬂ decveases
This is due to Incease in the stze of atem From top to lottom in o qroup.
The 'nost m.mng;‘.mdomﬁ. element £ pwesent at +top ¥Tght hand coxner of the vodﬂ.om.:n
element , Cs pvesent at the bottom lett+ hand coxnes.

table while ost electropositive
- Scales of Electvonegativity : Measuvement of Electvonegativiby:»
i. ._“.ﬁc,::m Scale ;-
— (iven by Pauling n 1932.
- Considex a wolecwle AB, in which the m_onw.qojnmnmﬁf diffevence is given by the ._”.o__oﬁ._sm.
equation
K = constent = 0-208
*a" %8 = = m_mnw«gmmotﬁf.mw of atem A oma B
Bond energy ot bond A-B
Bond enevyy ot bond A-A

-B

oY wbl.un
Bond enevyy ot bond g




Equation @

Scal\e =

Given WN_ mulliken wn 1934,

2
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con be used to calculate 2 value of avn atom

(f 2 yalue of anothey atomis
w?m? vaczom myeasured nznw..aﬁmmniﬂw.& n eV .
Mull Ken

Mulliken mcmmmmr& that n,mn*qojmmﬂmc:.m s welated 1o jopisation potential and electron
affnility and +he basis of obove ctatewent, he derived ..vo:oE‘_zm fssmula -

(xzP), + (ER),

heve 2@, = m_mnﬁqoﬁmmﬁfci.mw o} atom A

IP = Ionisatien potential of atom A
EA = Electvon Dn.ﬂﬁ..*m of atem A

— Eq- 1 is used when Ip ana EA ave given in eV . If these values awe given n
kilocalowies -hen .T:o&._sm eq. Camn be used-

(ze)p + CERA)y
2% 62-5 @

— Mulliker's values of electvonegativity ove about 2:2 Himes lavge as Pauling's values - hence +o

2% 28

moke Mulliken's values equal to vn..r:sm.w values, wight hand side of eq-(1) s divided wd 2.9

— Coroponent Ys.¢ is called scale odjacewent
(xp), + (ER)n (1P)n + (EPA

3 -® Pactoe® - This factor is used wheyn TP amd EA

Qve a..cn: i eVv.
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- Guiven rd Sandex son
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n 195S5.

- This sScole is based om stability vatio (SR).

SR = ED

- Dnnoﬂu‘.jm +o Sandevson

mnr. @ is

hexe ED = bcm*bmn. electvron density

ED,, l@ mbr

= Hypothetical electyon density , Which the atom would have | if
it is on inevt gas otom.

n_.mnﬁ.ijmDﬁc.}M. of atom,A, is m..amj U&\

ED

hwnbumoﬁmodog T =t I@

EDy

called Sevn

derson's equakion.

- Accosding to Sandeyson, ED Can be Calculated by the .ﬂo:oE._.gm equation-

- Relationship behoeen

A 3IZ e hevre Z = Nuclear Dfo.qm.n\)g..n No.
st A xvy? T Oanyd T 4.9%3 ¥ = Non- covelent yadius of
= the atom

_uoc;..:m Scale and Sandevson Scaole

1S d._c@: &..

%wﬁt:au

= .21 R 17

Sondersor £ o
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- Griven _od Allxed and Rochow In 1958.

- This scale s based on covalent vadius.
- b.nn,o:&‘::m +o this Scole, m;mnwdaimmo.mc.;.m of an atowm is the Ffoxce of attraction between

the mucleus of one atom and an clection of on adjacent aotem bonded +o it ond sepovated
Fxom the mucleus by the covalent Yyadius.

— The m_mnTojndn*._/\}Nu cun be Coalculated by following equation -

heve Zeey = EHectve nucleax chawge

e = Chavge of eleckwon
v = distance bjw ucleus and electron ﬁ).v

- If we compave *this Scole with _unc,_:om. Scale , Hhen Covvected Allved and Rochow's equotion

1S m.:_é: J -

Zegs €
-©

x, - dn-

< ; Zeff + 0744
(%a)pg 0.-359 = -6

0% 52

(a)pg = 0359 22T 10744 | -

hexe Zeqe = Z-o (sSlate¥'s Rule)

o= Scveening constont
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ApPphcatons ot ElectyoYe rq atwv & conc m_.__\ e

1. Natuxe of bond:

— Covnsidex a olecule , AB , in which 2, and 203 ave m_onqgnmPISImm of atom A ana 8.

i Xp=2Rg then A-B bond is mon-polar covalent bond or simply covalent hond

if ®p >Ry then A-B bond is polox covalent bond ( A-9— g*%)

if 20, >> ¥ , then A-B8 bond s ionic ox polax bond (A -8BY)

2. Fe T:ﬁ:f{,ﬂﬁw .1« ¢ chavactexr In O F._.CA covalent 0019 .

— Conside¥ a nolecuwle , AR, In Efzﬁa W, and ey ave Q_Rgﬁmmnw_c}mm of atom A ona B-

if 2@p— =19  A-B bond, 50°% Tonic + SO0Y. Covalent
if %, -%5< 19, A-B bond, Tonic chavactex less thon So7. and covalent chavacter ™ore than So7.

if ep-wg > 1:9, A-B bond, Tenic chayactey more than So07. and covalent chayacter less +han So7.

Acidic ond basic chavoctexr of XOH Meolecule n aqueous Solution:

e

XoH (% = wetal o¥ Mon-Tnetal)

If 26 -2, < Wg-2¢, +hen O-H bond will wove polay +han X-0 bond hence ionisation of xoH

mwolecule will takes place Dnno;.‘ncjm to %o:o.b..sm equation -
X-O+H + Hyo —> Xo~ + Hpot

hexe XOH gives KW+ ion +hevelore behoves |ike ovn acid.



Learn Chemistry Online
than O-H bond hence ianisation of XoH

iF 26, =Ry > 2 -2, +hen x-O0 bend will move polaw
wolecule will tokes place accerding to ollowing equation-
x.mron.t + H0 —> [x-0oH,]" 4+ OH-

XOH gives QOH ien +hevefsre behoves |like o base.

herve

. _JDiagona{ Te lationsnip 2
-~ Two elements TD:.,sm almost same mannqoﬁmmpic..r,pn will show nr,Pm%. welationship.
§. Fovmwia and na MGLJm _U_.__ -G \ q..u.qu. F._U.....ﬁ,_. | ,_m\. |_,.ﬂ|,_ -

Highly n_mnqgomomcm elememt- is (oritten latexr (ohile Ed...T:m fownula and mname of

bi noy  com pound -

eg. ICl - Iodine chloxide OF, — Oxggen diflucride
c1,06 = Chlevine Wonoxide
Exceptions :— NH3 — Ammonia
6. Calculation of B a _.r..f@*.ﬁ_ *d

— Bond lenth can be calculated Wm Cmmsm. Schomaker and Stevenson equation -

loheve d(p-8) Bond lengin of Molecule An

d(A-8) = ¥(A) +¥(8) - 0-09(Ge,-2) ¥(p) = Radius of atsm A
¥ (p)= Radius of atom 8

®p0nd Hg= Elechonegativities ofF atem A omd B.

N
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AT ieynent ’

Low ﬂ_mnndajn&DIc,J > Metulliec chavacter.

I_.m.a an¢%0&9i<w£ > Non- metallic chaxactery.

Tontec chavactey |ess than 207/, = Compound s Colouved

TIoniec chavactey ynove than 207, 2 Compound is colouxless
e3- AgC) AgBY AgI AgaS
Ionic chavadex 80°/. 24°/. \S 7. 4/
Colouy White Pale yellow Yyellow Black
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